Objective:To identify and quantify, to the best extent possible from the existing literature, injury characteristics and factors (risk; protective) associated with injury in young basketball players. Data Sources: Database searches principally involving Medline and SportDiscus. In addition, web-based searching and filtering of the reference lists of papers found in the preliminary searches were utilized. Main Results: Few well-controlled studies of this population have been conducted. However, from the information available: basketball is the most frequent cause of sports-related emergency department visits for youth and adolescents; the risk of being injured in a game is greater than for practice; girls are more likely to be injured than boys, especially with knee and ankle injuries and the knee injuries are more likely to be severe; acute injuries are more common than chronic; strains/sprains are the most common types of injuries but overall time loss is minimal, indicating that the majority of pediatric basketball injuries are minor (less than 7 days away from activity). Intervention studies show that: mouthguards reduce orofacial/dental injuries; mouthguard use can be increased in young players; neuromuscular training can reduce the incidence of knee injuries in female participants; postural sway is related to risk of ankle injury. Conclusions: The current state of epidemiological research involving youth and adolescent basketball injuries is poor. With an increasing number of young participants, in situations ranging from informal play and physical education classes to organized community and school teams, the need for comprehensive and authoritative information on risk and protective factors is significant.
Introduction
Basketball is one of the most popular physical activities in the world: 11% of the world plays basketball and the Fédération Internationale de Basketball (FIBA), the international governing body of basketball, now represents 212 member nations and 450 million registered participants [1] . In the USA, basketball is the most popular team sport for boys and girls, with 544,811 boys and World Championships demonstrate that the rest of the world is closing the gap. The evolving parity at the upper echelon of the sport is only possible with the on-going growth of developmental programs for children and youth. Similarly, since the first women's world championship in 1953, many countries are providing opportunities for youngsters to learn the game in settings ranging from physical education classes and scholastic competition to governmental and private sports organizations and community recreational programs.
Unfortunately, as the number of young male and female participants has increased so has the number of injuries. For example, according to the National Electronic Injury Surveillance System -All Injury Program (NEISS-AIP) [3] , basketball was the most common cause of sports-and recreation-related injuries seen at USA Emergency Departments in 2000-2001, with 395,251 cases. The proportion of cases was not evenly distributed across age groupsfor boys aged 5-9, basketball accounted for 4.9% of all sport injuries, whereas it constituted 15.2% of cases for boys aged 10-14, and 25.9% for boys aged 15-19, the highest percentage for any activity in this group including football. For girls aged 10-14, basketball produced 14.9% of all sports injuries and 18.1% in the 15-19-year-old group.
Although the absolute number of injuries has implications for the healthcare system, the actual risk of injury in basketball is difficult to determine. The apparent age-related increases in injury in the NEISS-AIP may be simply a reflection of the number of players at each age level. Without knowing the number of participants, it is not possible to determine whether older children are more at risk and, if so, why. Similarly, even accurately identifying the extent of the problem is difficult. If NEISS data from physician offices and urgent-care clinics are incorporated, the number of basketball injuries in 5-14 year olds was estimated to be approximately 574,000 [4] . In either case, these data represent only 20-50% of the actual number of basketball injuries in participants aged under 18 [3, 5] .
If effective interventions are to be instituted to reduce injuries in young players, accurate and reliable information is essential. However, the limited epidemiological data available center on college and professional athletes, although participation is much greater in scholastic competition [6] . Zvijac and Thompson [6] proposed that studying high school players would provide a clear understanding of the true nature of injuries in basketball because more data could be obtained from the larger population. Although this approach is reasonable, it assumes that etiological factors are static across the wide variety of player and playing characteristics, but both direct and indirect evidence age, gender, and injury characteristics is inextricably embedded in broader analytical categories [11] . In addition, many references are out-dated as the nature of basketball has changed (from noncontact to contact), and younger age groups are generally not included [12] .
Given the impact of basketball across the globe, the dearth of methodologically sound injury research on young players is surprising. If suitable preventative and protective measures are to evolve, future work needs to include a clear understanding of the population at risk, definitive criteria for a reportable injury, and the capacity to calculate exposure time and time loss.
Incidence of Injury
Delineating the risk of injury in sport is based on establishing the incidence, i.e., the number of new cases that occur in a particular population over a given time. Although the number of cases alone can be informative [13] , incidence is considered the gold standard of the measure of risk. A comparison of injury rates from prospective and retrospective research is shown in table 1 and covers high school [14] [15] [16] [17] [18] [19] [20] [21] , physical education class [22] , clubs/sports organizations [23] [24] [25] [26] [27] , and hospital emergency departments [28, 29] . In addition, studies reporting incidence data specifically for knee [18, 19, 30] , ankle [31, 32] , head [33] , and orofacial [34] [35] [36] injuries are listed. Unfortunately, the injury literature on youth basketball suffers from a broad range of methodological shortcomings, including widely varying definitions of a reportable injury, limited measures of exposure, differing metrics of risk, and poor delineation of the population at risk. Consequently, it is very difficult to get a clear picture of the risk inherent in basketball, or the particular risks associated with gender, age, level of skill, playing conditions, etc. Although some studies have been well designed, the lack of a coordinated research program has produced a somewhat fragmented picture from which only broad conclusions may be drawn.
For example, the 1997-1998 National Hospital Ambulatory Medical Care Survey (NHAMCS) of emergency department admissions for ages 5-24 (40% aged [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] showed that basketball was the most frequently cited reason for sport-related emergency department visits (17.1%), with a calculated incidence rate of 5.8 per 1,000 (95% CI ϭ 4.7-6.8) persons in the general population [37] . Although the 1997-1999 National Health Interview Survey (NHIS) had a 36.2% difference in the number of reported basketball injuries with NHAMCS, it confirmed basketball as the most common cause of sports injury for ages 5-24, with a rate of 3.9 per 1,000 persons (95% CI ϭ 3.3-4.5) in the general population. However, for the group ages 5-14, basketball had an incidence rate of 6.5 per 1,000 persons (95% CI ϭ 4.7-8.3) [38] . NHIS also found that 42% of this age group did not attend an emergency department for treatment. Nonetheless, the two studies provide some framework for understanding the injury characteristics for young basketball players. Additionally, Kelm et al. [39] reported that basketball accounted for 19.6% of injuries in physical education classes in Germany in children 11-15 years old, and studies from Dutch and Swiss schools indicated that basketball has a relative risk of 1.3 (95% CI ϭ 1.2-1.4) to 1.99 compared to the mean rate of all sports injuries recorded [11, 40] . The data in table 1 highlight the difficulty of gaining an accurate impression of the risks in youth basketball. Definitions of reportable injury range from any incident evaluated to incidents that result in at least 2 days absence, and the metric of risk include percentage injured, injuries per 1,000 hours of exposure or per 1,000 athlete exposures. Moreover, with the variety of ages in disparate settings (school teams, clubs, physical education classes) across multiple countries, there is little appropriately comparable data. Even the results of the most commonly studied population (American public high school players) vary considerably, from 5.6-36.8 per 100 participants for boys, and 7.8-49 per 100 participants for girls [14] [15] [16] [17] 19] , although two studies which report injuries per 1,000 hours of participation are similar (3.2-4.0) [17, 18] . A coordinated research program with standard protocols is necessary if a clear picture of the level of risk, and associated causal factors, is to emerge.
Injury Characteristics

Injury Onset
There are few data available to determine the relative risk of sustaining an acute versus a chronic injury in youth basketball. However, two studies with significantly differing populations support the proposition of a greater risk of acute injury. Weir and Watson [21] found a relative risk of acute to chronic injury of 2.5:1 in a one year study of Irish high schools students (average age 14 years, with 4.02 acute injures per 1,000 h of participation vs. 1.61 chronic injuries per 1,000 h participation). Similarly, a 6 year study of elite females (average age 17 years) at a national training center in Australia evidenced an average acute-chronic injury ratio of 1.66:1 (range 0.88:1-2.9:1) [27] .
Injury Location
A percent comparison of injury location in youth basketball is shown in table 2 [12, 17-19, 25, 27, 29, 41-43] . The lower extremities generally account for the majority of injuries in youth basketball (35.9-92%), with the ankle/foot representing the single most frequently injured region (16.6-44%) [12, 17-19, [12] et al. [17] et al. [18] Barber-Foss [19] Nielsen et al. [27] et al. [29] (n ϭ 132) (n ϭ 890) [25] (n ϭ 223) (n ϭ 111) boys girls boys girls (n ϭ 21) (n ϭ 543) (n ϭ 436) (n ϭ 1,933) (n ϭ 1,748) [28] ; 21% [29] ; 43% [25] ). Taylor and Attia [12] found that wrist/hand injuries were more likely in basketball than in any other sport studied (OR ϭ 1.7; 95% CI ϭ 1.1-2.5). However, the reason for the extreme deviation of the European and Australian data is not evident.
The percentage of injuries to other body areas, particularly the head, varies between 7-21%. Head injuries producing mild traumatic brain injury (MTBI) have been found to account for approximately 2.6 and 3.6% of all basketball injuries in males and females, respectively [33] . Face and mouth injuries vary between 3-12.2% of all injuries [12, 18, 27, 29, 41] with the nose (epistaxis in 12.8% of all injuries [23] ) and teeth apparently the most vulnerable [17, 35, 45, 46] . Finally, Wan et al. [47] reported that, from data in the National Pediatric Trauma Registry (1990-1999), basketball accounted for 9.4% of significant abdominal injuries (18 of 191 cases) reported in 5-18 year olds. The kidneys and spleen were most at risk [5 cases (28%) each]. There was one liver injury and the other 7 were nonspecific abdominal injuries.
Situational
The risk of injury is significantly greater in games than in practice. Estimates vary greatly, depending on the characteristics of the study. For example, in a study of children aged 5-12 in a community program, 90% of injuries were game-related, with a relative risk of 16.9:1 [23] . However, 6-18 year olds in a Danish sports club showed a game:practice relative risk of 2.4:1 (games ϭ 5.7 injuries per 1,000 h of participation; practice ϭ 2.4) [25] . Two studies of high school players in the USA produced a relative risk of 6.8:1 for female players in a 100-school sample [17] , and an Incidence Density Ratio (IDR; game injury rate over practice injury rate) of 8.0 and 9.4, for boys and girls, respectively (p Ͻ 0.0001) [18] . Two additional high school studies provide further support by reporting the percentages of injuries in games and practices [19, 41] . Although no exposure data are provided, even a conservative estimate of 3 practices per game played indicate that the relative risk is approximately 2.2:1 for boys and between 2.1-2.8 for girls. Moreover, this relationship proved to be relatively consistent over time. Comparison of the 1986-1988 and 1995-1997 NATA [41] studies shows a game:practice relative risk for boys of 2.0 and 2.2, respectively, and 2.1 and 2.6 for girls, respectively (under the assumption of 3 practices per game played), although the risk in games may be rising for girls.
The higher risk of injuries in games is also reflected in data related to particular types of injuries in high school athletes, including orofacial injuries (1.8:1) [35] and MTBI IDR ϭ 4.9 (95% CI: 2.9-8.1) for boys and 6.1 (95% CI: 3.8-9.7) for girls [33] .
Two hospital-based studies, one from Denmark [48] and one from the USA [28] , indicate that other situational factors need to be considered. Although both found that games and practices still accounted for the majority of basketball injuries seen (22.5 and 43%, respectively, in the Danish study and 42.9 and 37.5%, respectively, in the USA study), Sorensen et al. [48] found that free play or school activity accounted for 34.2% of the injuries treated, while Prebble et al. [28] noted that 9.6% came from physical education classes and 5.4% from intramurals or recess play.
Action or Activity
A broad set of actions has been identified in relation to injury in pediatric basketball, including colliding with another player (38.6%) [12] ; (36.7%) [28] ; (MTBI) [33] , running (33%) [19, 25] , shooting (29%) [19, 25] , rebounding [19] ; MTBI (girls) [33] ; anterior cruciate ligament (ACL) injuries (88.55% boys; 60% girls) [49] ; (26% boys; 30.8% girls) [41] , twisting/turning (31.8%) [12] , scrambling for loose balls (34.4% boys; 36.3% girls) [41] and controlled pattern activity (27.8% boys; 32.6% girls) [41] .
A number of specific interactions have also been noted. Yde and Nielsen [25] found that, although only 29% of injuries occurred while shooting, it accounted for 60% of ankle injuries. Powell and Barber-Foss [19] found that boys had more shooting-related injuries in games whereas girls had more dribbling-related injuries. Piasecki et al. [49] reported that the majority of ACL injuries (62% for boys; 71% for girls) involved no contact with other players.
Chronometry
Few studies have documented the relationship of time factors to injuries. From the sparse information available, the risk of injury may be greater early in the season or late in games. A study of knee injuries in female high school programs found that most injuries occurred in the first half of the season [50] . The possible influence of fatigue as a risk factor is gleaned from studies in two disparate populations -40.7% of all injuries in a YMCA program for young children occurred in last quarter of games [23] , while a 3-year study of high school players found that 59% of injuries in boys' games and 63% in girls' games came in the second half [41] .
Injury Severity
Injury Type A percent comparison of injury types across high schools [17] [18] [19] 41] , clubs/sporting organizations [23, [25] [26] [27] , and hospital emergency departments [12, 29, 42, 43] is shown in table 3. Sprains [18, 19, 26, 27, 29, 41, 42] or sprains/strains [12, 17, 23, 28, 43] are the most common type of injury suffered by young basketball players, representing between 22-65.5% of all injuries. Strains account for approximately 16% of all reported injuries (range 13.3-17.7%) [19, 41] . Basketball players were more likely to sustain sprain or strains that any other sport monitored (football, baseball/softball, rollerblading/skating soccer, hockey) in a study at a large emergency department (OR ϭ 2.6; 95% CI: 1.7-3.9) [12] . In a similar study, in a mixed sample (77.8% Ͻ age 19), 55.1% of basketball injuries were sprain/strains [28] . In a more in-depth analysis of knee injuries, de Loës et al. [30] found that in boys 21% of knee injuries were meniscal tears, 19% were ACL/posterior cruciate ligament (PCL) ruptures, 10% were medial/lateral collateral ligament tears and 32% were nonspecific ruptures. However, for girls, only 13% were meniscal tears with 18% ACL/PCL ruptures but 21% were medial/lateral collateral ligament tears. Patellar luxation was 13% of all knee injuries for girls compared to 4% for boys.
Overall, soft tissue injuries (contusions and abrasions) were the next most common type(s) of injuries reported, accounting for 15-36% of cases [17, 18, 23, 26, 29, 41, 43] , although Belechri et al. [42] reported a range of 17.4-55% in five European countries. This group also reported the greatest percentage of fractures (17-36%), possibly due to the high number of hand/finger injuries reported. Generally, the range for fractures was 2.6-17.7% [17-19, 23, 26-28] although three studies reported fractures making up 26-28% of the total number of injuries [12, 29, 43] . Inflammatory conditions were rarely reported but Hickey et al. [27] found medial tibial stress syndrome to be responsible for 33.3% of all lower extremity injuries in a study of elite junior females, with patellar tendinopathy the most common knee problem (35.7%). Catastrophic Injury Death or significant permanent disability is a powerful specter for parents and coaches of young basketball players. Fortunately, the risk of such events is small. Catastrophic injuries principally involve three body systems: central nervous system, cardiovascular system and respiratory system. In addition, significant permanent damage has been recorded for injuries to the eyes.
Although most brain and spine injuries occur from falling or colliding with fixed objects, other factors can be involved. For example, Tudor [51] describes a 17-year-old male player struck on the side of the head from a ball rebounding off the rim, producing an acute subdural hematoma with permanent disability including visual, emotional and behavioral deficits.
The most comprehensive picture of catastrophic injuries in pediatric basketball comes from the National Center for Catastrophic Sports Injuries (NCCSI) [52] which has been tracking these incidents in high school basketball programs in the USA since 1982. According to NCCSI, a catastrophic injury may be direct (brain/spinal cord injury or skull/spinal fracture) or indirect (systemic failure as a result of exertion in basketball or by a complication secondary to a non-fatal injury). In its 21st Annual report, NCCSI found that, in the period 1982-2003, there were 16 direct catastrophic injuries in this population, consisting of 2 fatalities (both male); 4 nonfatalities (permanent severe functional disability) and 10 serious injuries (no permanent disability but significant initial injuries, for example, vertebral fracture without paralysis). The direct injury fatality rate for males was 0.02 per 100,000 participants. For direct nonfatal injuries, the rate was 0.3 per 100,000 for males and 0.01 for females. For serious catastrophic injuries, the rate was 0.07 for males and 0.02 for females. However, there were 92 indirect catastrophic injuries during the same time producing 90 fatalities for a rate of 0.82 per 100,000 for males and 0.10 per 100,000 for females. Typically, indirect fatalities are cardiac failures [53] . No nonfatal injuries were recorded but the rate of indirect serious injuries was 0.01 per 100,000 for both males and females. The data in this report supercede several previous studies [53] [54] [55] but it is difficult to determine whether it captures all catastrophic injuries in high school-aged players. For example, those who may be injured in clubs.
Maron et al. [56] analyzed 134 cases of cardiovascular-related sudden deaths in trained athletes from 1985-1995: basketball accounted for 35%. The median age of fatalities was 17 (range 12-40), with 90% male. Hypertrophic cardiomyopathy was disproportionately prevalent in black athletes (48 vs. 26% of deaths; p ϭ 0.01). Additional case reports indicate a variety of causal mechanisms. Serdaroglu et al. [57] commented on the case of a 15-year-old player who fell and developed multiple sensory and motor deficits. His condition deteriorated before a rupture of the descending aorta was diagnosed and treated surgically but without success. Messina et al. [18] implicated pulmonary 'complications' subsequent to a thigh contusion in the death of a 16-year-old male player. The most important respiratory complication appears to be related to asthma. A recent 7-year study of asthma-related fatalities in sport [58] found that of 61 deaths most occurred in athletes aged under 20 (prevalent group 10-14), with basketball one of the two most frequent activities precipitating a fatal episode (track was the other).
Finally, a series of case reports indicate that significant and permanent damage to the eyes can arise from fingers or the ball penetrating the orbit. Of particular concern are avulsions of the optic nerve, at least 7 cases of which are reported in the literature [59, 60] .
Time Loss
If advances in playing safety are to occur, understanding the circumstances of injuries that result in time away from playing or normal life activities, such as school, is critical. A summary of time-loss studies is shown in table 4 [15, 20, 23, 25, 28, 31, 33, 41, 48, [61] [62] [63] . Unfortunately, the variety of data sources (clubs, schools, hospitals), player attributes (gender, age) and sociocultural characteristics (nationality, urban) make it difficult to get a clear picture of the risk of significant (i.e., time loss) injuries in pediatric basketball. Moreover, actual time-loss data are provided in only a limited number of studies although some information on time loss can be extrapolated from injury-severity data.
For example, Gutgesell [23] noted that only 2.4% of injuries in a YMCA program with children aged 5-12 resulted in missed playing time but did not provide any further details. In a study in a Danish sports club involving players up to the age of 18, 43% of time-loss injuries were resolved in less than 2 weeks with a further 33% resolved by 4 weeks. No case took longer than 6 weeks to resolve [25] .
In an early high school study, McLain and Reynolds [15] found that the mean time lost for a basketball injury for boys was 11.8 days but 28.6 days for girls. However, the authors noted that there were only 45 girls in the study, and one sustained an ACL rupture necessitating surgical reconstruction and was absent for almost a full year. Removing this case from the data brought the girls' average time-loss due to injury to 7.8 days. The influence of a single significant injury on outcomes such as the mean days lost when the pool is small is problematic. Similarly, Axe et al. [61] undertook a 1-year prospective study of adolescent sports injuries reporting to a Delaware sports clinic: female basketball players averaged 12.8 days lost per injury (28 cases with 3 surgeries) compared to 9.2 days for boys (20 cases with one surgery). As above, one female case was a season-ending ACL rupture (110 days lost) and removing this from the tally reduced average days lost for girls to 8.8. Data from several other high school studies provide a mixed picture. Rider and Hicks [62] found that, in a study of male and female high school varsity players over one season, 27% missed at least one day due to injury but only 4% missed more than 7 days. The average for the group was 3.1 days. Beachey et al. [20] noted that, over an 8-year period, 31% of injuries to boys in a single high school team resulted in at least one day lost from practice, while about 37% of injuries to girls were time-loss, although no information on average time-loss or the range was provided. In a 3-year study involving a national sample of high schools, the National Athletic Trainers Association (NATA) [41] found that 79.4% of boys' injuries and 76% of girls' injuries could be considered minor (Ͻ7 days absent) with only 8.2% for boys and 9.0% for girls being major (requiring more than 21 days).
However, in a one-year study of Irish school children aged 10-18, Watson [63] found that, while basketball accounted for only 7.7% of the injuries recorded (9 of 116), these 'tended to result in an above average period of hospitalization and incapacity' (average period of hospitalization for all sports was 0.47 days with 18 days of incapacity). The author suggests that the difference with American data may be sociocultural in that 'Irish teachers and coaches are reluctant to classify an incident as an 'injury' unless the level of incapacity is high and they tend to ignore conditions that would be referred for medical treatment in America, where the level of involvement of medical and paramedical personnel in sport is considerably greater' (p 70).
School-based studies of the severity of particular types of injuries have also been published. Powell and Barber-Foss [33] examined MTBI in male and female athletes in 235 USA high schools and found that 5.5% of all reported injuries in 10 sports over 3 years were MTBI with boys and girls basketball accounting for 4.2% (51 cases) and 5.2% (63 cases) of the total, respectively. Most cases were minor (resolved in Ͻ8 days) in 88.2 and 83.1% of cases for boys and girls, respectively, with only 2 and 3.1%, respectively, taking more than 21 days. In a prospective study investigating balance characteristics on the risk of ankle injury, McGuine et al. [31] found that 56.5% of reported ankle injuries in the study group of 210 male and female athletes resolved in less than 7 days while 39.1% took 7-21 days. Only one injury (4.3%) took longer than 21 days to resolve.
Finally, information from several hospital-based studies, which theoretically should involve more severe cases, indicates that the bulk of basketball injuries are minor. Finch et al. [43] found that, although basketball was the fourth leading cause of sports-related injuries in a 4-year national study of emergency departments, it ranked ninth (of ten) in subsequent hospital admissions. In a study in rural America, Prebble et al. [28] found that 71.2% of cases seen at an emergency department resolved in less than 2 weeks. In contrast, a more extensive study from Denmark [48] found that basketball injuries resulted in an average time away from training of 5.4 days (range 0-45 days) for boys and 4.2 days (range 0-40) for girls. However, the time absent from school was only 1.5 days (range 0-20) for boys and 0.3 days (range 0-5 days) for girls, indicating that the limitations were activity-specific rather than generally debilitating.
Clinical Outcome
In line with the limited amount of quality data on more direct issues related to understanding the nature and risk of basketball injuries, very little research has been performed on the associated costs of injuries, such as the financial impact (both direct and indirect) on individuals, sponsoring organizations, and national associations. Although improvements in playing safety can arise from altruistic concerns, progress tends to come from the impact of pragmatic issues such as the influence of injuries on insurance costs, days lost from work or school, or the drain on medical resources. For example, in a 7-year study of only knee injuries in a national sample of 14-20-year-old male and female players in Switzerland, de Loës et al. [30] found that the mean medical cost for treatment of knee injuries (including ACL/PCL ruptures) was USD 1,427 for males and USD 1,060 for females. These costs were in the context of a national insurance program. By contrast, Hewett et al. [64] estimated that the cost of reconstruction and rehabilitation of an ACL rupture in a female high school basketball player in the USA is at least USD 17,000, producing a total direct financial impact of more than USD 119 million per year for this population alone [65] . If only 1% of the costs were available for research on injury analysis and prevention, substantial advances could be made in reducing the human, financial, and medical burden of basketball injuries in youth and adolescent players. Similarly, Newsome et al. [66] reported that the lifetime dental costs of a tooth avulsion that is not properly preserved or replanted can be more than USD 10,000 but custom-fitted mouthguards that can reduce the risk significantly can be made available for less than USD 10 [67] .
Injury Risk Factors
Intrinsic Factors
Gender Despite the widely varying quality of the literature dealing with injuries in youth basketball, girls are more at risk than boys, particularly for knee and ankle injuries, and these injuries tend to be serious [14, 16, 18, 19, 23, 26, 30, 32, 41, 49, 68] . This relationship has been noted in club [23, 26, 30] and scholastic studies [14, 16, 32, 41, 49, 68] , in the USA [14, 16, 18, 32, 41, 49, 68] and abroad [26, 30] . Several studies have found no overall gender difference in injury data [18, 19, 25] but still noted significant differences in the number of knee injuries between boys and girls [18, 19] .
Specifically, although several high school studies did not find a significant difference in overall injury rates between boys and girls (p ϭ 0.11) [18] , IDR ϭ 1.01, 95% CI ϭ 0.95-1.08 [19] , there is a gender-related risk (p Ͻ 0.05) [26] , (p Ͻ 0.02) [23] , (p Ͻ 0.001) [14] , (p Ͻ 0.0004) [16] . In addition, although Gutgesell [23] found a similar rate of serious injury between boys and girls, others identified a significant difference in this outcome (p Ͻ 0.05) [19] ; (p Ͻ 0.001) [14] , with Chandy and Grana [14] noting a significantly greater number of season-ending injuries for girls (p Ͻ 0.001).
Of the available literature, girls are at a greater risk of sustaining a knee injury (p Ͻ 0.001) [14] ; (IDR ϭ 1.44; 95% CI: 1.2-1.71) [19] ; (IDR 1.7, p Ͻ 0.05) [30] ; (RR 1.92, p Ͻ 0.0001) [32] ; (RR 2.29, p Ͻ 0.001) [18] , and the knee injury is more likely to require surgery (p Ͻ 0.05) [14] ; (IDR ϭ 2.65, 95% CI ϭ 1.64-4.29) [19] ; (p Ͻ 0.047) [18] and/or involve the ACL (RR ϭ 9.0, p ϭ 0.05) [49] ; (RR ϭ 3.79, p Ͻ 0.024) [18] ; (p Ͻ 0.01) [68] ; (IDR ϭ 4.14, 95% CI: 2.18-7.9) [19] . However, Piasecki et al. [49] noted that girls seem to be at less risk for medial femoral condyle injuries (p ϭ 0.05).
Girls also seem to be at greater risk than boys of sustaining an ankle injury (RR ϭ 1.24, p Ͻ 0.05) [32] and being reinjured (p ϭ 0.002) [19] .
Age and Development There is conflicting information about the influence of age and/or level of development on injury in young players. Yde and Nielsen [25] concluded that the risk of injury increases with age, while DuRant et al. [16] did not. However, Michaud et al. [11] reported that the risk appears to increase with pubertal development (Tanner stage 4 or 5) rather than chronological age. A study of five European Union nations [42] showed a consistent increase in the percentage of basketball injuries with age. Although this may be simply a reflection of increasing participation rates, it probably also captures the influence of physical development on injuries as players become larger, stronger and faster. The percentage of all basketball injuries represented by 5-8 year olds ranged from 1% in France to 5.4% in the United Kingdom; for those 9-10 from 4% in France to 16% in Greece; 11-12 from 23% in France to 39.3% in Denmark; and for 13-14 year olds from 42.9% in Greece to 72% in France.
Psychological Characteristics Despite the importance of psychological factors on performance, few studies have examined the relationship between mental states and injury. Only two studies dealt with these issues in young basketball players. In a study conducted in the late 1970s with female high school players, Young and Cohen [69] found that injured players were significantly different from uninjured players on several psychological measures, including total self-concept, selfcriticism, and in measures of external frames of reference, indicating they may be inherently 'risk-takers'. In a more recent study no relationship was found between psychological factors related to life-stress events, coping skills and social support and time-loss due to injury [62] .
Other Factors As the effort to reduce injury rates in youth basketball continues, researchers have focused on a diverse range of potential risk factors, including proprioceptive ability [31] , level of motor development [39] , level of competition [32] , and influence of fixed orthodontic appliances [35] .
McGuine et al. [31] examined the relationship between a standardized balance test and ankle injury, and found a positive linear relationship between postural sway (measured in degrees per second) and rate of ankle injuries per 1,000 AE. Kelm et al. [39] reported that more than 50% of all basketball injuries in physical education classes involving 11-15 year olds involved catching, implicating poor motor skills, including hand/eye coordination, as a risk factor.
In a 2-year prospective study with matched boys and girls high school and college programs, Hosea et al. [32] found that the relative risk of injury increased with level of competition (from high school to college), doubling for both boys and girls. However, for ACL injuries specifically, the relative risk was significant for girls (3.66:1; p Ͻ 0.01) but not boys moving to collegiate competition.
Finally, Kvettem et al. [35] noted a relative risk of orofacial injury while wearing a fixed orthodontic appliance of 1.7 (95% CI ϭ 1.1-2.5), although the small sample warrants caution in interpreting the data.
Extrinsic Factors
Few studies have attempted to identify play-related factors that impact injury potential. Data from two studies [33, 50] indicate that playing guard is more hazardous than playing forward. In a report of knee injuries in 22 female high school basketball programs in Iowa, guards had 3 times as many knee ligament tears as forwards [50] . In addition, guards were most at risk for gamerelated MTBI (62.5% boys; 56.4% girls), although forwards accounted for most MTBI injuries in practice (68.4% boys; 62.5% girls) [33] .
Addressing a common situation in community-based programs, Gutgesell [23] found that for young children playing on a linoleum-tile playing surface was not more hazardous than playing on a standard wood floor.
Suggestions for Injury Prevention
Despite the dearth of definitive information on risk factors related to youth basketball, a variety of recommendations have been presented based on the limited research and general observations and which take into account the unique characteristics of young players. A summary of the recommendations indicating the study design of the resources from which the recommendations were drawn is shown in table 5 [14, 16, 19, 22, 25, 31, 34-36, 39, 40, 46, 59, 60, 63-67, 70-73] . The majority are 'common sense' responses to apparent cause-effect relationships and cover multiple aspects of playing basketball.
Although few have been empirically tested, the general principle on which they are based, i.e., modifying the rigors of the game and/or the physical capacities of the players to better match, is not unreasonable and has some research support. A summary of prevention studies is shown in table 6 [31, 62, 64, 69, 71, 72, [74] [75] [76] .
Injury prevention studies are predictive or remedial. On the premise that it is better to prevent than correct an injury, identifying predictive characteristics should be a primary research goal. Studies, covering physical (balance, structural symmetry, tenderness) and psychological (self-concept, coping skills) factors, have had mixed success. However, because of methodological problems, including limited sample sizes, it is unclear whether factors that found to have no predictive value in fact are not related to injury, or whether the relationship is masked by design flaws. In some cases, implementation of predictive or screening protocols is hampered by logistical issues such as cost and the need for specialized equipment. Hewett et al.'s [64] remedial intervention program of neuromuscular training to reduce the incidence of knee injuries is the most promising as it is designed to complement normal basketball conditioning programs.
Suggestions for Further Research
The lack of clear comprehensive data on injuries in youth basketball is distressing considering that it is one of the most popular sports in the world and the number of young participants is rising, as is the personal, financial and social burden of basketball injuries. The options for future research are numerous, and fall into three broad categories: (1) development of appropriate research programs in general, (2) research into specific risk factors, and (3) research into the characteristics of specific injuries.
If any significant progress is to be made in understanding the determinants of injury in this population, a fundamental retooling of the structure of the [34] Kvettem et al. [35] Prospective cohort Teo et al. [36] Retrospective cohort Diab and Mourino [46] Cross-sectional Newsome et al. [66] Review McNutt et al. [70] Cross-sectional Foster and March [71] Quasi-experimental field study Jalleh et al. [72] Quasi-experimental field study Develop methods to supply inexpensive custom mouthguard** Johnson and Parker [67] Implementation project Campaign for mandatory mouthguard use Foster and March [71] Quasi-experimental field study Encourage voluntary mouthguard use Teo et al. [36] Retrospective cohort Encourage use of protective eyewear Chow et al. [59] Case study Friedman [60] Case study
Ensure coaches have first aid training Backx et al. [40] Prospective cohort Ensure that high schools have NATA-certified athletic trainers AAFP [73] Policy statement Engage injured athletes in well constructed rehabilitation programs
McGuine et al. [31] Prospective cohort Player attributes Implement developmentally appropriate preparticipation Chandy and Grana [14] Retrospective cohort fitness evaluations Implement developmentally appropriate conditioning programs Chandy and Grana [14] Retrospective cohort (strength, agility, flexibility, power) DuRant et al. [16] Prospective cohort Backx et al. [22] Prospective cohort Watson [63] Prospective cohort Instigate specific ankle stabilization/proprioception training Powell and Barber-Foss [19] Retrospective cohort Backx et al. [22] Prospective cohort Instigate specific ACL dynamic neuromuscular training*** Hewett et al. [64] Prospective cohort (especially for girls)
Ford et al. [65] Laboratory study *A complete team and community educational program is available from Sports Medicine Australia (Western Australia Branch). This program has been demonstrated to be effective in significantly increasing mouthguard use in young basketball players. For further details refer to Foster and March [71] and Jalleh et al. [72] . **Refer to Johnson and Parker [67] for a description of a project that supplied custom-fitted mouthguards to three high school teams for under $10 each. ***Refer to Hewett et al. [64] for a description of a program shown to significantly reduce the incidence of serious knee injuries. [19, 25, 26] , within a coordinated series of regional and national databases [68] . Identifying risk and protective factors associated with the diverse characteristics of the pediatric population remains a high priority. Issues such as age, level of competition, developmental status, and the influence of various types of training programs or psychological and social factors on injury characteristics remain to be explored [18, 62] , as does the need to establish standardized protocols for measuring intrinsic characteristics, such as postural sway, as predictors of injury [31] .
Of the specific types of injuries that can occur in basketball, clearly research to reduce the incidence of knee and ankle injuries must be a high priority [27] . This is of particular importance for young female participants in light of the consistent indications of their vulnerability to these injuries. Additionally, several authors have indicated the need to continue research on orofacial injuries and mouthguard protection [34, 35] , which has already yielded important advances in significantly reducing these problems.
Finally, there is a need to acknowledge basketball as a global phenomenon and that the determinants of safe play may be moderated by cultural considerations. Regional interests must be addressed in the study of short-and long-term consequences of basketball injuries in young athletes [9] .
